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ABSTRACT 

* A  n A". 1 nlq-enprlry ba.1 i i s t f c  t p i p l e - p l a n e t  f l y b y  mission 
was d i s c o v e r e d  t o  b e - a v a i l a b l e  i n  J a n u a r y  o f  1977,  i n  c o i n c i -  
dence  w i t h  t h e  l a u n c h  window o f  a Venus f l y b y  o p p o r t u n i t y .  
i s  demons t r a t ed  t h a t ,  when used i n  combina t ion ,  a q u a s i  f ree-  
r e t u r n  a b o r t  o p t i o n  e x i s t s  which c a n c e l s  a lmos t  a y e a r  from t h e  
p r i m a r y  nnission d u r a t i o n .  These new m i s s i o n s  have lower  l a u n c h  
v e l o c i t y  r e q u i r e m e n t s  t h a n  any p r e v i o u s l y  i d e n t i f i e d  b a l l i s t i c  
t r i p l e - p l a n e t  f l y b y  m i s s i o n s .  The e x t r a o r d i n a r y  a t t r a c t i v e n e s s  
o f  i t s  l a u n c h  and p l a n e t a r y  e n c o u n t e r  c h a r a c t e r i s t i c s  s u g g e s t s  
t h a t  t h i s  t r i p l e - p l a n e t  f l y b y  m i s s i o n  b e  recommended f o r  a p r i -  
mary r o l e  i n  t h e  manned f lyby  phase  o f  o u r  p l a n e t a r y  e x p l o r a t i o n  
program. 

It 

A m u l t i p l i c i t y  o f  m i s s i o n  o p p o r t u n i t i e s  i s  obse rved  
t o  o c c u r  d u r i n g  t h e  1977 t ime-pe r iod ,  from which o t h e r  conver-  
s i o n s  may a r i s e .  A p o s s i b l e  r e s c u e  o p p o r t u n i t y  i s  a f f o r d e d  t h e  
low-energy t r i p l e - p l a n e t  f l yby  m i s s i o n .  

A p p l i c a t i o n  of  segments o f  t h i s  c l a s s  o f  t r i p l e - p l a n e t  
f l y b y  t r a j e c t o r i e s  t o  accompl ish  Mars s t o p o v e r  m i s s i o n s  a p p e a r s  
a t t r a c t i v e .  By v i r t u e  of t h e  low v e l o c i t y  a t  Mars e n c o u n t e r  as 
w e l l  as a t  E a r t h  d e p a r t u r e  and r e t u r n ,  t h e s e  m i s s i o n s  c o u l d  com- 
p e t e  w i t h  t h e  low-energy c o n j u n c t i o n  c l a s s  m i s s i o n s .  Such a n  

s i o n  o p p o r t u n i t i e s  become ava i lab le  a g a i n .  
approach  might  be a p p l i c a b l e  i n  1983, when t h e  
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TECHNICAL MEMORANDUM 

I N T R O D U C ' T I  ON 

P r e v i o u s  s t u d i e s  have i d e n t i f i e d  e i g h t  fami l ies  o f  
t r i p l e - p l a n e t  f l y b y  t r a j e c t o r i e s  whose l a u n c h  o p p o r t u n i t i e s  
o c c u r  i n  t h e  l a t e  1 9 7 6 / e a r l y  1977 t i m e  p e r i o d  (1). It was sub-  
s e q u e n t l y  obseiived t h a t  the launch da te  of t h e  1977 Venus f l y b y  
m i s s i o n  o c c u r s  a t  about  t h e  same t i m e  as t h e  l a u n c h  o p p o r t u n i t y  
o f  one o f  t h e -  t r i p l e - p l a n e t  f l yby  m i s s i o n s .  S i n c e  t h e  l a u n c h  
v e l o c i t y  r e q u i r e m e n t s  and a v a i l a b l e  window are  c o n s i d e r a b l y  l e s s  

p l a n e t  f l y b y s ,  i t  was s p e c u l a t e d  t h a t  one might  l e a v e  f o r  Venus 
v i a  t h e  Venus f l y b y  m i s s i o n  p r o f i l e  a n d ,  when a t  Venus, c o n v e r t  
t o  t h e  t r i p l e - p l a n e t  f l y b y  p r o f i l e  by means o f  a modest v e l o c i t y  
i m p u l s e .  I n  t h i s  manner advantage  c o u l d  b e  t a k e n  o f  t h e  r reasy ' r  

b i l i t y  u n t i l  t he  f i r s t  Venus e n c o u n t e r .  The d u r a t i o n  o f  t h e  
f r e e - r e t u r n  m i s s i o n  would be a lmost  a y e a r  s h o r t e r  t h a n  t h a t  o f  
a comple ted  t r i p  l e  -p 1 ane t mis s ion .  

n n m + , > :  ~ l = ~ > ~ l ~ ~ l " L  -+i r i n  I V L  C h L  " ~ ~ -  T T - - - - . -  ';=::us f l y b y  x:,ission t h a n  fO" 5 5 2  t r i p l e -  

l a u n c h  C o n d i t i o n s  and ,  as a bur ius ,  O b t a i n  a "fr?c-?e'.7--" b U L i i  7asa- 

BACKGROUND 

Based upon t h e  l i m i t e d  da ta  a v a i l a b l e ,  i t  f i r s t  a p p e a r e d  
t h a t  a d i s p a r i t y  o f  some f o r t y  days e x i s t e d  between t h e  Venus 
p a s s a g e  dates  o f  t h e  two m i s s i o n s .  The p a s s a g e  da te  o f  t h e  s i n g l e  
f l y b y  would have t o  b e  pushed back q u i t e  a b i t  l a t e r  t h a n  t h e  
r e f e r e n c e  date  (21 ,  i n  o r d e r  t o  c o i n c i d e  w i t h  t h e  f i r s t  Venus pas -  
s a g e  da te  f o r  a b a l l i s t i c  t r i p l e - p l a n e t  f l y b y  (1). However, 
a d j u s t m e n t  toward  an e a r l i e r  passage  da te  might  be  made f o r  t h e  
c a s e  of t h e  t r i p l e  f l y b y  by d i s r e g a r d i n g  i t s  f i r s t  l e g  b a l l i s t i c  
f l y b y  c o n s t r a i n t  a t  Venus. I n  e f f e c t ,  a d u a l - p l a n e t  f l y b y  o f  Mars 
and Venus, d e p a r t i n g  from Venus on a p r e d e t e r m i n e d  d a t e ,  would b e  
s o u g h t  f o r  a r e t u r n  t o  E a r t h .  The a t t r a c t i v e n e s s  o f  t h e  concep t  
would b e  m a n i f e s t  by t h e  amount of AV r e q u i r e d  t o  e f f e c t  t h e  t r a n s -  
f e r  a t  Venus and by t h e  degree  o f  d e g r a d a t i o n  o f  t h e  Venus f l y b y  
l a u n c h  c o n d i t i o n s .  

. .  
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Detai led i n v e s t i g a t i o n  r e v e a l e d ,  however ,  t h a t  t h e r e  
e x i s t s  a n o t h e r  group o f  r o u n d t r i p  Venus f l y b y s  d u r i n g  t h e  same 
l a u n c h  window as t h o s e  of Reference  2 ,  b u t  whose Venus p a s s a g e  
d a t e s  o c c u r  abou t  twen ty - f ive  days l a t e r ,  and whose t r i p  du ra -  
t i o n s  a re  some t h i r t y - f i v e  days l o n g e r ;  t h e i r  l a u n c h  and a r r i v a l  
c o n d i t i o n s  a p p e a r  t o  b e  q u i t e  s imilar .  The 1 9 7 7  Venus f l y b y  t r a -  
j e c t o r y  s u r f a c e  was mapped i n  d e t a i l  i n  t h e  r e g i o n  o f  t h e  l a t e r  
p a s s a g e  da tes ,  which a r e  more amenable t o  t h e  t r i p l e - p l a n e t  con- 
v e r s i o n ,  s o  t h a t  a c c u r a t e  d a t a  would b e  a v a i l a b l e  f o r  t h e  t r a n s -  
f e r  AV c a l c u l a t i o n s  and s o  t h a t  f a v o r a b l e  t r e n d s  i n  m i s s i o n  
c h a r a c t e r i s t i c s  c o u l d  be  observed .  

With a s e r i e s  o f  a c t u a l  Venus f r e e - r e t u r n  f l y b y  t r i p s  
a v a i l a b l e  f o r  r e f e r e n c e ,  t h e  a t t e m p t  t o  f i n d  t h e  d u a l - p l a n e t  
segments  from Venus t o  E a r t h  p roceeded .  The Venus f l y b y  da te  
was s t i l l  some f i f t e e n  d a y s  e a r l i e r  t h a n  t h a t  o f  t h e  t r i p l e -  
p l a n e t  f l y b y  used as a gu ide ,  s o  t h e  Mars f l y b y  d a t e  was sough t  
f rom t e n  to f i f t e e n  days e a r l i e r ,  and t h e  second Venus da te  was 
moved up abou t  f i v e  days .  E v e n t u a l l y ,  a s u c c e s s f u l  r o u n d t r i p  
was found ,  and t h e  t r a n s f e r  AV a t  Venus was c a l c u l a t e d  t o  b e  

s i o n  r e q u i r e m e n t ,  t h e  t o t a l  v e l o c i t y  r e q u i r e m e n t  o f  16,500 F o r  
t h e  m i s s i o n  was about  t h e  same as t h a t  r e q u i r e d  f o r  i n j e c t i o n  
i n t o  t h e  b a l l i s t i c  t r i p l e  f lyby  p r o f i l e .  

a b o u t  Q O O O  f p s .  ~1-,11e s-ucl-, a v e l o c i t y  change is 2 m o < n r .  n m f i n 1 7 1  
i~iaj VI pi v p u r  

During  t h e  subsequent  i n v e s t i s a t i n n  i t  was obse rved  
t h a t  t h e  f i n a l  e a r t h  r e t u r n  da te  had l i t t l e  i n f l u e n c e  on t h e  
i m p u l s i v e  t r a n s f e r  r equ i r emen t  a t  Venus*. Thus,  a t y p i c a l  
e a r t h  r e t u r n  da te  c o u l d  be chosen ,  and t h e  e a r t h  d e p a r t u r e  and 
e a r t h  a r r i v a l  dates f o r  t h e  Venus f l y b y  cou ld  b e  i n c r e m e n t e d ,  
i n  t u r n ,  to o b t a i n  a s y s t e m a t i c  v a r i a t i o n  o f  t h e  t r a n s f e r  c h a r a c -  
t e r i s t i c s .  

A s u r p r i s i n g  resu l t  was o b t a i n e d .  The t r a n s f e r  AV 
r e q u i r e m e n t  approached  z e r o  f o r  s e v e r a l  t r a j e c t o r y  combina t ions  ; 
f u r t h e r m o r e ,  t h e  i n j e c t i o n  v e l o c i t y  was as low as 1 4 , 0 0 0  f p s .  
It was now a p p a r e n t  t h a t  a new f a m i l y  o f  b a l l i s t i c  t r i p l e - p l a n e t  
f l y b y s  had been  d i s c o v e r e d ,  whose e n e r g y  r e q u i r e m e n t s  a re  lower  
t h a n  t h o s e  p r e v i o u s l y  i d e n t i f i e d  i n  Refe rence  1, and whose f i r s t  
l e g  was common w i t h  t h e  f i r s t  l e g  o f  a r o u n d t r i p  Venus f l y b y  m i s -  
s i o n .  

THE NEW TRIPLE-PLANET FLYBYS 

Using t h e  dates  o f  t h e  newly found " c o n v e r t i b l e "  m i s -  
s i o n ,  t h e  b a l l i s t i c  f l y b y  c o n s t r a i n t s  were imposed a t  Venus, 
Mars, and a g a i n  a t  Venus, and t h e  low-energy t r i p l e - p l a n e t  f l y b y  

*The d e c o u p l i n g  between t h e  f i r s t  and second  h a l v e s  o f  t h e  
t r i p l e - p l a n e t  f l y b y s  a t  Mars i s  a p p a r e n t  a l s o .  See F i g u r e s  1, 5 ,  
6 ,  and  1 0  f o r  t h e  e f f e c t s  o f  v a r i a t i o n s  i n  l a u n c h  or a r r i v a l  dates .  
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l a u n c h  window and m i s s i o n  c h a r a c t e r i s t i  S e r e  i n v e s t i g a t e d .  The 
t r a j e c t o r y  s u r f a c e ,  mapped i n  F i g u r e s  1 -5 ,  shows t h a t  b a l l i s t i c  
f l y b y  c o n d i t i o n s  p r e v a i l  f o r  a l a u n c h  p e r i o d  o f  around t e n  d a y s .  
(The c u t o f f  of da ta  a t  t he  r i g h t  of t h e s e  g raphs  r e s u l t  from f a i l -  
u r e  o f  t h e  b a l l i s t i c  f l y b y  c o n s t r a i n t s  t o  b 2  m e t * . )  A nominal  
m i s s i o n  s e l e c t e d  e a r l y  i n  t h e  window p a s s e s  Venus a t  an a l t i t u d e  
o f  1 7 0  nm and i s  720 days  long .  S p e c i f i c  m i s s i o n  p a r a m e t e r s  a re  
g i v e n  i n  T a b l e  1. 

The f a m i l i e s  o f  1977  t r i p l e - p l a n e t  f l y b y s  p r e v i o u s l y  
found o f f e r e d  f o u r  l a u n c h  windows and two r e t u r n  o p t i o n s  f o r  
e a c h  window. Tne newly found t r i p l e  f l y b y  l aunch  window c o i n -  
c i d e s  w i t h  t h e  second of  t h e s e  f o u r  windows, and i t s  sec2nd  
Venus p a s s a g e  da te  and e a r t h  r e t u r n  d a t z  agree w i t h  t h o s e  o f  t h e  
l a t e  r e t u r n  f a m i l y .  T h e r e f o r e ,  i t  a p p e a r e d  q u i t e  l i k e l y  t h a t  an  
e a r l y  r e t u r n  f a m i l y  o f  low-energy t r i p l e s  c o u l d  a l s o  b e  found.  
Such was i n d e e d  t h e  c a s e ,  and t h e  f a n i l y  p r e s e n t e d  i n  F i g s .  6-10 
was de te rmined  t o  have s i m i l a r l y  a t t r a c t i v e  p l a n e t a r y  c h a r a c t e r -  
i s t i c s .  The f i r s t  t h r e e  l e g s  o f  t h e  nominal  t r a j e c t o r y  s e l e c t e d  
a re  v e r y  n e a r l y  i d e n t i c a l  t o  t h e  720-day  m i s s i o n ,  b u t  t h i s  664-  
day t y i p  takes a " s h e r t - c u t "  ~ f i d  I r r i v e s  a t  Earth w i t h  a s p e e d  
of 49,500 r ^ p ~  v e r s u s  about  34,000 i ' p ~  f o r  the 10ngcr r e t u ~ ; - :  7 - -  LE&. 

I t s  c h a r a c t e r i s t i c s  are  a l s o  l i s t e d  i n  T a b l e  1. 

THE FREE-RETURN VENUS FLYBYS 

The t r a j e c t o r y  suy face  o f  t h e  1 9 7 7  Venus f l y b y  oppor -  
t u n i t y ,  which can be used  f o r  f r e e  r e t u r n s ,  i s  p l o t t e d  i n  F ig -  
u r e s  11-13. The t e r m i n a l  dates  f o r  which t h e  t r a j e c t o r i e s  would 
impact  Venus a r e  i n d i c a t e d  by t h e  shaded area i n  t h e  lower  r i g h t -  
hand c o r n e r  of  t h e  g r a p h s .  It  i s  a p p a r e n t  t h a t  a wide v a r i a t i o n  
i n  l aunch  da te  i s  p e r m i s s i b l e  w i t h o u t  i n c u r r i n g  a s i g n i f i c a n t  
p e n a l t y  i n  i n j e c t i o n  v e l o c i t y .  The nominal  t r a j e c t o r y ,  i n d i c a t e d  
by t h e  markers on t h e  g r a p h s ,  d e m o n s t r a t e s  t h e  r e s u l t s  o f  t rade-  
o f f s  between i n j e c t i c n  v e l o c i t y ,  Venus p a s s a g e  a l t i t u d e ,  and t h e  
l a t e  Venus p a s s a g e  date  r e q u i r e d  t o  p r o v i d e  t h e  f r e e  r e t u r n  fea- 
t u r e .  The nominal  m i s s i o n  parameters are  a g a i n  l i s t e d  i n  T a b l e  1. 

USE OF THE GRAPHS 

The r e f e r e n c e  m i s s i o n  i n d i c a t e d  on F i g u r e s  1-13 repre-  
s e n t s  a somewhat a r b i t r a r y  s e l e c t i o n  o f  many p o s s i b l e  p r o f i l e s  
which i n c o r p o r a t e  t h e  f r e e - r e t u r n  o p t i o n .  I f ,  f o r  some Teason ,  
a d i f f e r e n t  m i s s i o n  p r o f i l e  i s  d e s i r e d ,  t h e  p e r t i n e n t  t r a j e c t o r y  
c h a r a c t e r i s t i c s  may be  de te rmined  as i n  t h e  example g i v e n  h e r e .  

Suppose t h a t  a launch  d e l a y  o f  f i v e  days becomes 
n e c e s s a r y .  The r e f e r e n c e  p o i n t  on F i g u r e  1 can  be t r a n s l a t e d  
f i v e  d a y s  t o  t h e  r i g h t ,  s h o r t e n i n g  t h e  t o t a l  t r i p  by f i v e  d a y s ,  

"Powered f l y b y s  can  be employed i n  t h e s e  c a s e s ,  b u t  o n l y  a 
f e w  a d d i t i o n a l  days o f  launch  window can  b e  o b t a i n e d  b e f o r e  t h e  
v e l o c i t y  a d j u s t m e n t  becomes p r o h i b i t i v e .  
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b u t  a s l i g h t  l aunch  advantage  i s  g a i n e d ,  i f  t h e  t r i p  d u r a t i o n  i s  
h e l d  t o  t h e  r e f e r e n c e  v a l u e ,  s o  t h a t  t h e  e a r t h  r e t u r n  d a t e  i s  
a l s o  s h i f t e d  f i v e  d a y s .  The new m i s s i o n  would t h e n  have  t h e  
c o o r d i n a t e s  o f  (3165,  3885) on  F i g u r e  1. L o c a t i n g  t h e  same p o i n t  
on F i g u r e  2 ,  t h e  Venus passage  da t e  o f  3298 i s  found.  (It may b e  
o b s e r v e d  h e r e  t h a t  t h e  pas sage  r a d i u s  i s  i n c r e a s e d  from 1 . 0 5  t o  
1 . 3 2  Venusian r a d i i ,  and t h e  p e r i a p s i s  v e l o c i t y  i s  d e c r e a s e d  from 
n e a r l y  4 1 , 0 0 0  f p s  t o  abou t  38 ,500  f p s .  Changes w i l l  a l s o  b e  n o t e d  
i n  t h e  p a s s a g e  c h a r a c t e r i s t i c s  o f  t h e  o t h e r  p l a n e t a r y  e n c o u n t e r s . )  
The Venus passage  da te  o f  3298 i s  now used  i n  F i g u r e  1 2  a l o n g  
w i t h  t h e  new ea r th  d e p a r t u r e  da te  o f  3165; t h e s e  d a t e s  d e f i n e  t h e  
f i r s t  l e g  of' t h e  mod i f i ed  Venus f l y b y  p r o f i l e .  L o c a t i n g  3165 c n  
t h e  a b s c i s s a  and moving upward to t h e  3298 p a s s a g e  d a t e  cu rve  l o -  
c a t e s  t h e  e a r t h  r e t u r n  d a t e  o f  3550 on t h e  o r d i n a t e .  Changes i n  
t h e  a b o r t - f l y b y  p a r a m e t e r s  may b e  n o t e d  a t  t h e  new c o o r d i n a t e s  
i n  t h i s  f i g u r e  and i n  t h e  a s s o c i a t e d  e a r t h  r e t u r n  c h a r a c t e r i s t i c s  
of  F i g u r e  13 .  S i n c e  t h e  Earth-Venus l e g  i s  common t o  e a c h  m i s s i o n  
p r o f i l e ,  t h e  l aunch  c h a r a c t e r i s t i c s  may b e  found i n  F i g u r e  11, 
where small v a r i a t i o n s  can  b e  i n t e r p r e t e d  more e a s i l y  t h a n  i n  F ig-  
u r e  1. 

The c u r v e s  i n d i c a t e  t h a t  a l aunch  d e l a y  o r  L e n  days 
i n c u r s  a n  i n j e c t i o n  v e l o c i t y  p e n a l t y  o f  abou t  1 2 0 0  f p s  o v e r  t h e  
nominal  v a l u e  o f  13 ,900  f p s .  

M I S S I O N  PROFILES 

The m i s s i o n  p r o f i l e  o f  t h e  720-day low-energy t r i p l e -  
p l a n e t  f l y b y  i s  p l o t t e d  i r ;  t h e  c o n v e n t i o n a l  manner i n  F i g u r e  1 4 .  
To i l l u s t r a t e  t h e  d i f f e r e n c e s  t h a t  e x i s t  between t h e  t h r e e  m i s -  
s i o n s ,  t h e i r  p r o f i l e s  were super imposed  i n  a d i f f e r e n t  form i n  
F i g u r e  15, where t h e  h e l i o c e n t r i c  d i s t a n c e  o f  t h e  s p a c e c r a f t  i s  
p l o t t e d  as a f u n c t i o n  of t i m e  w i t h o u t  r e g a r d  f o r  i t s  a n g u l a r  
p o s i t i o n .  I n  t h i s  manner t h e  p r o f i l e  d i f f e r e n c e s  a r e  immedia t e ly  
a p p a r e n t ,  and a :?ew o b s e r v a t i o n s  o f  i n t e r e s t  can be made r e g a r d -  
i n g  s p e c i f i c  t r a j e c t o r y  p a r a m e t e r s .  

The t a n g e n t i a l  n a t u r e  o f  t h e  Mars e n c o u n t e r  i n d i c a t e s  
a low p a s s a g e  v e l o c i t y  ( 1 7 , 1 0 0  f p s ) .  The ear th  e n t r y  s p e e d  o f  
t h e  720-day m i s s i o n  i s  c o n s i d e r a b l y  l e s s  t h a n  t h a t  o f  t h e  664- 
day m i s s i o n  (39,200 f p s  v s ,  49,500 f p s ) ,  a g a i n  because  o f  i t s  
more t a n g e n t i a l  app roach .  The f a s t ,  ea r ly  phase  o f  t h e  Venus 
f l y b y  m i s s i o n  o c c u r r i n g  i n s i d e  o f  e a r t h ' s  o r b i t  i s  f o l l o w e d  b y  
a somewhat comparable  time s p e n t  i n  a s low t r a j e c t o r y  beyond 
e a r t h ' s  o r b i t ,  n e c e s s a r y  a c c o r d i n g  t o  K e p l e r ' s  a r ea l  law, t o  
e f f e c t  t h e  rendezvous  w i t h  E a r t h .  
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When t h e  s e t  o f  mis s ions  d i s c u s s e d  h e r e  i s  c o n s i d e r e d  
i n  t h e  l i g h t  o f  t h e i r  conve r s ion  p o s s i b i l i t i e s ,  t h e  t r i p l e -  
p l a n e t  f l y b y  must b e  c o n s i d e r e d  as t h e  p r imary  m i s s i o n .  The 
ffcommon" f i r s t  l e g  assumed h e r e  i s  b a s e d  on "pa tched  c o n i c "  
a p p r o x i m a t i o n s  and a c t u a l l y  breaks down i n t o  d i s t i n c t  l e g s  on 
a r e f i n e d  a n a l y s i s  bas i s ,  and a small impu l se  w i l l  be r e q u i r e d  
t o  c o n v e r t  from one t o  t h e  o the r .  With t h i s  i n  mind two m i s s i o n  
p l a n n i n g  s t r a t e g i e s  become a p p a r e n t .  The s i n g l e  Venus f l y b y  pro-  
f i l e  may b e  f lown u n t i l  t h e  Venus e n c o u n t e r ,  whereupon i t  i s  con- 
v e r t e d  t o  t h e  p r i m a r y  mis s ion  p r o f i l e  i f  e v e r y t h i n g  i s  s t i l l  "go",  
or t h e  p r imary  p r o f i l e  may b e  f lown from l a u n c h  w i t h  t h e  knowledge 
t h a t  t h e  m i s s i o n  may be a b o r t e d  a t  Venus a t  l i t t l e  c o s t .  The 
c h o i c e  i s  c o n t r o v e r s i a l ,  but i t s  i n f l u e n c e  on o v e r a l l  m i s s i o n  re- 
q u i r e m e n t s  i s  a lmos t  i n s i g n i f i c a n t .  P r e l i m i n a r y  c a l c u l a t i o n s  show 
t h a t ,  e i t h e r  way, a n  impulse o f  l e s s  t h a n  5 0 0  f p s  i s  r e q u i r e d  for 
t h e  c o n v e r s i o n ;  t h i s  i s  o f  t h e  same o r d e r  o f  magni tude as midcourse  
c o r r e c t i o n  r e q u i r e m e n t s  p e r  l e g .  However, t h e  c h o i c e  must b e  made, 
b e c a u s e  a r e f e r e n c e  t f a j e c t o r ~  must b e  a v a i l a b l e  p r i o r  t o  l a u n c h .  
Perhaps p s y c h z l c g i c a l  considerations w i l l  d i c t a t e  t h e  a d o p t i o n  of  
t h e  e a r l y  r e t u r n  Venus f l y b y  as t h e  r e f e r e n c e  t r a j e c t o r y  ra ther  
t h a n  u s i n g  an a b o r t  ph i lo sophy .  It s h o u l d  b e  k e p t  i n  mind t h a t  
a l t h o u g h  e i t h e r  r e f e r e n c e  t r a j e c t o r y  would i d e a l l y  be  a f r ee  r e t u r n ,  
i n  r e a l i t y  midcourse  c o r r e c t i o n s  w i l l  be  r e q u i r e d  i n  any c a s e .  

F i g u r e  1 6  i l l u s t r a t e s  t h e  d i f f e r e n c e s  between f l y b y  pro-  
f i l e s  a t  Venus. Botn i n v o l v e  r ~ c = a r - - p ~ ; a ~ -  I u u u L . o  v v L , .  _ _ _ _ - _ _ _  
r e g i o n ,  a l t h o u g h  f o r  t h e  t r i p l e - p l a n e t  m i s s i o n ,  t h e  f l y b y  would be  
c l a s s i f i e d  as a t w i l i g h t  t ype .  

- - - - - L  - -  CL- 1 i - h f c i  

SIGNIFICANCE OF MULTI-MISSION OPPORTUNITIES 

A m u l t i p l i c i t y  of m i s s i o n  o p p o r t u n i t i e s  o c c u r  d u r i n g  
1977 which p r o v i d e  p o t e n t i a l  c o n v e r s i o n  p o s s i b i l i t i e s ,  l i m i t e d  
l a r g e l y  b y  t h e  i m a g i n a t i o n  of  t h e  i n v e s t i g a t o r .  

The Venus f l y b y ,  u sed  i n  c o n j u n c t i o n  w i t h  e i t h e r  o f  t h e  
low-energy t r i p l e - p l a n e t  f l y b y s ,  was demons t r a t ed  t o  p r o v i d e  e i t h e r  
a q u a s i  f r e e - r e t u r n  a b o r t  o p t i o n .  Also d i s c u s s e d  b r i e f l y  was t h e  
r e t u r n  o p t i o n  t h a t  e x i s t s  between these  two t r i p l e - p l a n e t  f l y b y s ,  
whereby t h e  720-day t r i p  may b e  s h o r t e n e d  by two months a t  t h e  
expense  of a h i g h e r  v e l o c i t y  ear th  e n t r y .  

E i g h t  o t h e r  families o f  t r i p l e - p l a n e t  f l y b y s  e x i s t  w i t h  
t h e i r  sequence  of  o p p o r t u n i t i e s  b e g i n n i n g  i n  l a t e  1976 and e n d i n g  
i n  A p r i l  o f  1977 (1). During t h e  f i r s t  of t hese  windows a d u a l -  
p l a n e t  f l y b y  of Venus and Mars i s  a v a i l a b l e  ( 3 ) ,  which i s  v e r y  
s i m i l a r  t o  t h e  t r i p l e s ,  except  t h a t  t he  second Venus p a s s a g e  i s  
o m i t t e d  . 
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Cursory examina t ion  of  Earth-Venus and Venus-Earth 
t r a j e c t o r i e s  (4) i n d i c a t e s  t h a t  a h igh-cnergy  ( 2 2 , 0 0 0  f p s  
i n j e c t i o n  v e l o c i t y )  Venus f lyby  i s  a v a i l a b l e  d e p a r t i n s  i n  
November o f  1 9 7 7 ,  which could  rendezvous  w i t h  a v e h i c l e  on t h e  
t r i p l e  f l y b y  p r o f i l e  i n  t h e  v i c i n i t y  o f  Venus. T h i s  f l i g h t  has 
a d u r a t i o n  o f  380 days  and r e t u r n s  w i t h  an  e n t r y  v e l o c i t y  o f  
4 5 , 0 0 0  f p s  about  f o r t y  days  e a r l i e r  t h a n  t h e  720-day  t r i p l e  f l y -  
b y  m i s s i o n .  I f  i t  were n e c e s s a r y ,  t h i s  f l i g h t  o p p o r t u n i t y  cou ld  
b e  used  t o  r e p l e n i s h  some c r i t i c a l  s h o r t a g e  a b o a r d  t h e  s p a c e c r a f t ,  
f u r n i s h  med ica l  a i d ,  or o t h e r w i s e  pe r fo rm some s o r t  o f  r e s c u e  
f u n c t i o n .  

F i g u r e  17 i l l u s t r a t e s  s c h e m a t i c a l l y  t h e  p l a n e t a r y  f l y b y  
m i s s i o n s  t ha t  are  a v a i l a b l e  d u r i n g  t h e  1 9 7 7  t ime-f rame.  T h i s  f i g -  
u r e  a l s o  i l l u s t r a t e s  t h e  s t o p o v e r  p o t e n t i a l  ?*t e i t h e r  Venus o r  
iilars t h a t  can  b e  a c h i e v e d  by means o f  t r a j e c t o r y  c o n v e r s i o n .  Venus 
s t o p o v e r s  o f  twenty  or t h i r t y  days are  immedia t e ly  a p p a r e n t  from 
t h e  f i r s t  two Venus f l y b y  p r o f i l e s ,  t h e  f i r s t  o f  which r e q u i r e s  
o n l y  1 1 , 8 0 0  f p s  i n j e c t i o n  v e l o c i t y  from E a r t h .  A f i f t e e n  t o  twen ty  
day s t o p o v e r  a t  Mars i s  a v a i l a b l e  b y  u s i n g  t h e  low-energy t r i p l e -  

t h e  D f a m i l y .  By v i r t u e  o f  t h e  low Xars e n c o u n t e r  v e i o c l t y  t h e  
d e b o o s t  and b o o s t  v e l o c i t i e s  f o r  a low a l t i t u d e  c i r c u l a r  o r b i t  
would b e  j u s t  o v e r  1 0 , 0 0 0  f p s  e a c h ,  making s u c h  a m i s s i o n  competi-  
t i v e  w i t h  t h e  c o n j u n c t i o n  class m i s s i o n s .  

p l a n e t  f i y b j r  outboui id  l e g s  iii?d 7etur;i;zg v i a  t h e  i n b ~ u n d  legs nf 

The powered flyby of  Venus, used t o  a c h i e v e  a m u l t i -  

( t h e  o r i g i n a l  o b j e c t  of t h i s  i n v e s t i g a t i o n ) ,  i s  a l s o  a v a i l a b l e  
d u r i n g  t h e  1 9 7 7  t ime-frame and l o o k s  q u i t e  p r o m i s i n g  from t h e  
s t a n d p o i n t  of  t o t a l  AV r e q u i r e m e n t s .  

-1 - - -+ ~ l ~ ~ h ~ ~  m i  - - i n n  y i t h  ~n i - n h o r r P n t  f r P P - r P t l ~ r n  a h n r t  c a n a b i l i t v  
y r u r r r v  I A J  - J  *.*--I---- -... 

CONCLUSIONS AND RECOMMENDATIONS 

The newly d i s c o v e r e d  p a i r  o f  low-energy t r i p l e - p l a n e t  
f l y b y s  a v a i l a b l e  i n  e a r l y  1977 o f f e r  a n  e x t r e m e l y  a t t r a c t i v e  
o p p o r t u n i t y  t o  e x p l o r e  our n e i g h b o r i n g  p l a n e t s  v i a  t h e  manned 
f l y b y  mode. The a t t r a c t i v e n e s s  o f  t h i s  o p p o r t u n i t y  i s  due n o t  
o n l y  t o  t h e  "easy" l aunch  c o n d i t i o n s  t h a t  p r e v a i l ,  b u t  b e c a u s e  o f  
t he  f o r t u i t o u s  c o i n c i d e n c e  o f  a Venus f l y b y  o p p o r t u n i t y  which p ro -  
v i d e s  t h e  o p t i o n  of  a f r e e - r e t u r n  from Venus e a r l y  i n  t h e  m i s s i o n .  
Such a n  o v e r l a p p i n g  o f  m i s s i o n  l aunch  windows w i l l  n o t  b e  a v a i l a b l e  
a g a i n  u n t i l  1983. 

f l y b y  t r a j e c t o r i e s  t o  Mars s t o p o v e r  m i s s i o n s  may be l a r g e l y  aca -  
demic f o r  1 9 7 7 ,  it s h o u l d  b e  i n v e s t i g a t e d  i n  d e t a i l  f o r  t h e  1983 
and subsequen t  o p p o r t u n i t i e s .  Such a m i s s i o n  a p p e a r s  t o  be  com- 
p e t i t i v e  w i t h  t h e  c o n j u n c t i o n  c l a s s  m i s s i o n s  i n  terms o f  t o t a l  AV 
whi le  t h e  t r i p  d u r a t i o n s  a r e  s i g n i f i c a n t l y  s h o r t e r .  

While t h e  a p p l i c a t i o n  o f  t h e  low-energy t r i p l e - p l a n e t  
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The a c c i d e n t a l  d i s c o v e r y  of  t h e  low-energy p a i r  o f  
t r i p l e - p l a n e t  f l y b y s  and t h e i r  p o s s i b l e  a p p l i c a t i o n  to Mars 
s t o p o v e r  rn iss ions  demons t r a t e  t h a t  n o t  a l l  o f  t h e  a t t r a c t i v e  
p l a n e t a r y  m i s s i o n  o p p o r t u n i t i e s  have been  exposed ,  as one i s  
wont to b e l i e v e .  

A recommendation was made by North American A v i a t i o n  
( 5 )  t h a t  t h e  1976 d u a l - p l a n e t  f l y b y  and a 1977 t r i p l e - p l a n e t  
f l y b y  be adop ted  as t h e  pr imary and secondary  manned space -  
m i s s i o n  o p p o r t u n i t i e s  f o r  a n e a r - f u t u r e  p l a n e t a r y  e x p l o r a t i o n  
program. I n  l i g h t  o f  t h e s e  new f i n d i n g s ,  i t  i s  recommended 
t h a t  t h e  low-energy f r e e - r e t u r n  t r i p l e - p l a n e t  f l y b y  i n  J a n u a r y  
of 1977 assume t h e  r o l e  of p r imary  m i s s i o n .  The backup r o l e  
can  b e  a s s i g n e d  to t h e  t r i p l e  f l y b y  a v a i l a b l e  for l a u n c h  i n  m i d -  
F e b r u a r y ,  i f  one i s  n e c e s s a r y .  

1013-AAV-sjh A .  A .  VanderVeer, 

A t  t ~ n h m n n t  CT *" " c L " * L I I . c I * * " "  
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